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httpense.Abstract Purpose: The aim of this study is to determine the best threshold for MDCT 3D volume
evaluation of emphysema based on comparison with lung function and arterial blood gases analy-
sis.
Patients and methods: Fourteen ex-smoker male patients with chronic obstructive pulmonary
disease (COPD) aged 46–79 years, (mean 60.7 years) were assessed using lung function tests.
Non-contrast Multidetector CT of the chest was carried out within 1 week of lung function. Results
were analyzed using threshold of 900 HU and 950 HU for calculation of emphysema volume
and its percentage from total lung volume. 3D quantitative evaluation was done for all patients
using an automated protocol and manual tracing technique.
Results: All patients showed evidence of emphysema on visual assessment. The volume of
emphysema was nearly the same between manual and automatic assessment. Positive signiﬁcant
correlation between the volume of emphysema and lung functions was present in 8 parameters at
900 HU threshold while it was present only in 5 parameters at 950 HU threshold.
Conclusion: MDCT can easily assess the volume of emphysematous lung with positive correla-
tion to lung function testing. Threshold value of 900 HU is more sensitive in the assessment than
at 950 HU.
ª 2013 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier
B.V.Open access under CC BY-NC-ND license.06573.
(N.A. Rezk).
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Chronic obstructive pulmonary disease (COPD) is a common
preventable and treatable disease, characterized by persistent
air ﬂow limitation that is usually progressive and associated
with an enhanced chronic inﬂammatory response of airways
and the lungs to noxious particles or gases, exacerbation and
co morbidities contributes to the overall severity in individualis. Production and hosting by Elsevier B.V.
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338 N.A. Rezk, A.M. Abd Elrahmanpatients. It is a leading cause of mortality and morbidity
worldwide and result in economic and social burden that is
both substantial and increasing [1].
High resolution computed tomography (CT) is the stan-
dard for pulmonary imaging. Depending on the scanner hard-
ware, CT can provide high spatial and high temporal
resolution, excellent contrast resolution for the pulmonary
structures and surrounding anatomy, and the ability to gather
a complete three-dimensional (3-D) volume of the human tho-
rax in a single breath hold [2].
In pulmonary emphysema, the major advantage of CT is
that in addition to providing data concerning overall lung
destruction, it also identiﬁes the speciﬁc locations in the lung
where the alveolar surface has been destroyed. The ability to
estimate the extent and severity of pulmonary emphysema dur-
ing life is important for several reasons. First, accurate detec-
tion of lung destruction when it appears and careful mapping
of its progression are required to understand the natural his-
tory of emphysema. Secondly, the treatment of advanced dis-
ease by lung volume reduction surgery (LVRS) requires the
knowledge of the location of the lesions and objective methods
of assessing the surgical results. Thirdly, CT could be a sensi-
tive way of quantitating the progression of emphysema as the
determination of the efﬁcacy of replacement therapy in pa-
tients with a1-antitrypsin deﬁciency. Fourthly the detection
of early emphysema may prevent the occurrence of obstructive
ventilator impairment by smoking cessation or medical inter-
vention [3].
On CT, emphysema appears as areas of abnormally low
attenuation pulmonary parenchyma, without deﬁnable walls,
resulting in a decrease in the mean attenuation value of the
lung parenchyma. Several investigators have shown that CT
is accurate for quantifying emphysema, using either visual
scoring methods or attenuation threshold-based quantitative
analysis. It should be noted that both visual scoring methods
and quantitative analysis of emphysema may fail to detect mild
emphysema [4].
Visual emphysema score is done on hard-copy CT images
photographed at a window width of 1500 HU and centered
at a level of 600 HU. Visual emphysema scores for all axial
sections are determined for each patient. Emphysema is identi-
ﬁed as areas of hypovascular low attenuation and is graded
with a ﬁve-point scale based on the percentage of lung in-
volved: 0, no emphysema; 1, up to 25% of lung parenchyma
involved; 2, between 26% and 50% of lung parenchyma in-
volved; 3, between 51% and 75% of lung parenchyma in-
volved; and 4, between 76% and 100% of lung parenchyma
involved. Grades for the axial images of each lung are added
and divided by the number of images evaluated to yield
emphysema scores that ranges from 0 to 4 [6].
CT scan is obtained by using a commercially available mul-
ti-detector row CT scanner. The CT scanner should be cali-
brated periodically. Patients are scanned craniocaudally
during a full-inspiration breath hold. No spirometrically con-
trolled lung volume is used because this procedure has not
been shown to signiﬁcantly improve the repeatability of quan-
titative CT in assessing the amount of emphysema. No intrave-
nous contrast medium is administered. [7].
The correct upper attenuation threshold to use for
quantitative CT analysis varies with slice thickness and inspira-
tion versus expiration. By using an inappropriately high
threshold, emphysema will be overestimated, while using aninappropriately low threshold will underestimate emphysema.
Threshold setting is dependant on several factors including
whether examination is done during inspiration or expiration
and reconstruction parameters. Most quantitative analysis of
emphysema is performed using CT obtained at inspiration.
While some investigation has been performed on expiratory
images, results are less accurate. Other quantitative measure-
ments have been investigated, such as mean lung attenuation
[4].
The quantitative analysis of the severity of emphysema re-
ferred to as the density mask technique was initially performed
on the selected axial two dimensional images [4], with a region
of interest drawn around the lungs on the image or images of
interest. The same technique can be applied to a three-dimen-
sional volume of the entire lungs acquired during a single inspi-
ration using helical CT. These analyses can be performed on
commercially available scanner consoles or workstations from
all CT scanner manufacturers [5].
The aim of this study was to determine the best threshold
for MDCT 3D volume evaluation of emphysema based on
comparison with lung function and arterial blood gases
analysis.
Patients and methods
We studied fourteen ex-smoker male patients aged 46–79 years
(mean age 60.7 years) with COPD proved clinically, radiolog-
ically and functionally. All patients underwent the following:
1- History taking and clinical examination.
2- Chest X-ray.
3- Routine blood investigations.
4- Pulmonary function tests (spirometry – body
polysythmography – diffusion capacity)
5- Arterial blood gases.
6- High resolution CT chest volumetry.
Subject preparation
All activities were avoided prior to lung function testing
including: performing vigorous exercise within 30 min of test-
ing, wearing clothing that substantially restricts full chest
and abdominal expansion, and eating a large meal within 2 h
of testing.
Volumetric study of lungs
The CT examinations were done using a 16-detector CT scan-
ner (Phillips brilliance 16 multidetector, Cleveland, USA) with
a detector collimation of 16 · 1.5 mm, pitch of 0.9, and gantry
rotation time of 0.5 S. Tube current was adjusted according to
the body built and did not exceed 200 mAs. Tube voltage of
120 kV was used for all patients.
All patients were examined within 1 week of lung function
evaluation. Patients were examined in supine position during a
breath hold at full inspiration from the lung apex to the base.
No contrast material was used. Images were reconstructed at
2 mm thickness and 1 mm increment, resolution was set at high
level, using the lung (L) ﬁlter. Window center was set at 500
and window width at 1500.
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liance workspace (EBW) work station. Using the manual trac-
ing technique ﬁrstly the volume of each lung was calculated
separately (Figs. 1 and 2), then the volume of the emphysema-
tous components of the lung was calculated for each lung sep-
arately. Two thresholds were utilized for evaluation, 900 HU
and 950 HU to determine which level will be more accurate
in comparison. Calculation was carried out using CT viewer
software (routine viewer of the workstation).Fig. 1 Male patient aged 53 years. (A) Manual extraction 3D volum
cubic centimeter (CC). (B and C) Coronal reformatted images showin
and left lungs. (D and E) showing 3D volume rendering of the
volume = 916 CC.Image analysis was repeated a second time using an auto-
mated protocol (Lung Emphysema) for automatic extraction
of total volume (Fig. 3), and volume of emphysematous parts
in both lungs as well as for each lung separately.
Data was analyzed using SPSS (Statistical Package for
Social Sciences) version 15. Qualitative data was presented as
number and percent. Comparison between groups was done
by the Chi-Square test. Data was presented as mean ± SD.
Paired t-test was used for comparison within groups. Studente rendering of the right lung showing total lung volume to be 3626
g original manual extraction of emphysematous parts of the right
right lung at 900 HU volume = 2328 CC and 950 HU
Fig. 2 Male patient aged 61 years. (A) Original axial image showing manual volume extraction with areas below threshold marked in
blue. (B and C) showing 3D volume extraction of the same patient of the left lung with volume of emphysema at 900 HU
volume = 1461 CC and at 950 volume = 706 CC.
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considered to be statistically signiﬁcant.
Results
The study included 14 males, their age ranged between 46 and
79 years with a mean age of 60.7 years.
The different criteria of patients including age of the pa-
tient, laboratory ﬁndings, and volume of emphysematous parts
of both lungs at both threshold levels (900 HU and
950HU) are listed in Table 1.
The age of patients ranged from 46 to 79. The main right
lung emphysema were 43.51 and 11.70 for threshold 900 and
950, respectively and the main left lung emphysema were
44.52 and 13.01 for threshold 900 and 950, respectively.
There was signiﬁcant positive correlation between volume-
try in 900 HU threshold and the following pulmonary func-
tion and arterial blood gases values; FVC, FEV1, FEV1%,
FEF25, FEF50, FEF75, KCO, and PO2. The P values arelisted in Table 2. While there was signiﬁcant negative correla-
tion between volumetry in 900 HU threshold and PCO2.
There was signiﬁcant positive correlation between volume-
try in 950 HU threshold and the following pulmonary func-
tion and arterial blood gases parameter; FEV1%, FEF50,
DLCO, KCO, and PO2, P values are listed in Table 2.
Discussion
COPD is the leading cause of mortality and morbidity world-
wide and results in economic and social burden that is both
substantial and increasing [1].
CT scan is the most accurate method in vivo for identifying
and quantifying emphysema. Many investigators have shown
that the severity and distribution of emphysema within the
lungs at CT are strong predictors of a successful outcome after
lung volume reduction surgery (LVRS), creating a new indica-
tion for the advanced imaging of emphysema. Increasingly, the
quantitative measurement of emphysema is being advocated
Fig. 3 Male patient aged 47 years. (A–C) Automatic volume extraction at 900 HU using Lung Emphysema protocol showing
emphysematous areas marked in blue. (C and D) Coronal reformatted images of the same patient of the right and left lungs showing
distribution of emphysema. (E–G) Data extraction for both, the right and left lungs. The tables show the volume of each lung and total
volume as well as the volume of emphysema for each lung and total volume. The graph shows shift of the curve representing the mean
density of the lung to left side (visual analysis). (K and L) Coronal reformatted images of the right and left lungs of the same patient at the
same level of extraction (900 HU) showing distribution of emphysema. (M–O) Data extraction for both, the right and left lungs. The
tables show the volume of each lung and total volume as well as the volume of emphysema for each lung and total volume. The graph
shows shift of the curve representing the mean density of the lung to left side (visual analysis).
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Table 1 Different criteria of the patient including age, laboratory ﬁndings and volume of emphysematous parts of both lungs at 900
HU and 950 HU.
Minimum Maximum Mean Std. deviation
+Age 46.00 79.00 60.71 10.63
WBCS 3.20 11.40 7.49 1.71
HB 12.30 17.30 13.83 1.39
Volume of emphysema in right lung at 900 HU 23.03% 64.20% 43.51% 12.88%
Volume of emphysema in right lung at 950 HU 1.10% 27.09% 11.70% 9.16%
Volume of emphysema in left lung at 900 HU 14.48% 70.90% 44.52% 15.53%
Volume of emphysema in left lung at 950 HU 0.70% 38.78% 13.01% 11.04%
Total volume of emphysema at 900 HU 19.15% 66.06% 43.83% 13.63%
Total volume of emphysema at 950 HU 0.95% 31.09% 12.32% 9.78%
Table 2 Correlation of pulmonary function and arterial blood gases with volumetry in two thresholds 900 HU and 950 HU.
P correlation P correlation P value P value
Threshold 900 HU 950 HU 900 HU 950 HU
FVC 0.351 0.283 0.023 0.069
FEV1 0.476 0.344 0.001 0.026
FEV1% 0.499 0.441 0.001 0.003
FEF25 0.301 0.097 0.050 0.542
FEF50 0.411 0.314 0.007 0.043
FEF75 0.370 0.239 0.016 0.127
PEF 0.192 0.034 0.223 0.832
R 0.091 0.080 0.567 0.616
ITGV 0.052 0.100 0.743 0.530
TL 0.109 0.226 0.492 0.151
TLC/RV 0.010 0.026 0.948 0.871
DLCO 0.259 0.343 0.097 0.026
KCO 0.330 0.400 0.033 0.009
PH 0.052 0.067 0.745 0.673
PO2 0.508 0.487 0.001 0.001
PCO2 0.401 0.388 0.009 0.011
O2sat 0.068 0.157 0.668 0.322
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emphysema and change in emphysema over time [7].
This study was conducted on 14 ex-smoker males, no fe-
males were included in the study because of the low incidence
of smoking related emphysema. This is in agreement with the
study by Sato et al. (2001) on the incidence of subtypes of
emphysema; females were also excluded from the study group
due to low incidence of smoking related emphysema [8].
In pulmonary emphysema, the major advantage of CT is
that in addition to providing data concerning overall lung
destruction, it also identiﬁes the speciﬁc locations in the lung
where the alveolar surface has been destroyed. The ability to
estimate the extent and severity of pulmonary emphysema dur-
ing life is important [3].
In our study, CT scan was able to diagnose the presence of
emphysema and to deﬁne its extent and presence of emphyse-
matous bulla as well as to calculate the volume of emphysema-
tous parts of both lungs.
The correct upper attenuation threshold to use for quanti-
tative CT analysis varies with slice thickness and inspiration
versus expiration. By using an inappropriately high threshold,
emphysema will be overestimated, while using an inappropri-
ately low threshold will underestimate emphysema. Threshold
setting is dependant on several factors including whether
examination is done during inspiration or expiration andreconstruction parameters. Most quantitative analysis of
emphysema is performed using CT obtained at inspiration.
While some investigation has been performed on expiratory
images, results are less accurate [9].
In 1988, Mu¨ller et al. [10] used a commercially available CT
program to highlight pixels within a given attenuation range
and automatically calculates the area of highlighted pixels.
The relative area highlighted on a single 1 cm thickness CT sec-
tion, after injection of contrast material was compared with
the corresponding macroscopic section of the ﬁxed lung cut
in the same plane as the CT section and graded using a pic-
ture-grading system. The highest correlation was observed
with attenuation values lower than 910 HU, and conse-
quently, this threshold was recommended for the identiﬁcation
of emphysema.
Nevertheless, signiﬁcant correlations only indicate that CT
and pathological scores are statistically linked, but they do not
necessarily imply that the percentage areas obtained by CT
quantiﬁcations are equal to the percentage area occupied by
emphysema on the pathological specimen. In addition, the
proposed threshold might have been inﬂuenced by the injec-
tion of contrast material. Furthermore, the grading panel does
not represent the extent of lung involved in emphysema and
can underestimate panlobular emphysema, notably in initial
stages [11].
Objective quantiﬁcation of emphysema 343We studied 14 ex-smoker male patients with COPD proved
clinically, radiologically and functionally, all patients under-
went the followings: History taking and clinical examination,
Chest X-ray, routine blood investigations, pulmonary function
tests (spirometry – body polysythmography – diffusion), arte-
rial blood gases and high resolution CT chest volumetry. It
was found that volume of emphysema was symmetrical at
900 HU threshold (43.51 ± 12.88%) and (44.52 ± 15.53%)
in the right and left lungs, respectively and at 950 HU thresh-
old (11.70 ± 9.16%) and (13.01 ± 11.04%) to right and left
lungs, respectively. Also we found underestimation of emphy-
sema in 950 threshold (12.32 ± 9.78%).
We found statistically signiﬁcant positive correlation be-
tween volume of emphysema at 900 HU threshold and 8
variables in the lung function assessment (FVC, FEV1,
FEV1%, FEF25, FEF50, FEF75, KCO, and PO2) compared
with only 5 variables in 950 HU (FEV1%, FEF50,DLCO,
KCO, and PO2) this may mean that threshold 900 HU is
more correlated to the lung function.
This is in contradiction to Gevenois et al. [12] who reported
on the best attenuation threshold for the recognition of
emphysema in a study in which 1-mm-thick CT sections ob-
tained from the lung apices to the bases with 1-cm intervals
were analyzed automatically to measure the lung area occupied
by pixels included in the predetermined range of attenuation
value. They showed that the only threshold for which there
was no statistically signiﬁcant difference between the distribu-
tion of the CT measurements and the distribution of macro-
scopic measurements was 950 HU. Thresholds lower than
950 HU underestimated emphysema, and thresholds above
950 HU overestimated emphysema [12]. However our study
differs from that of Gevenois et al. [12] as our study was con-
ducted on MDCT machine having higher contrast and resolu-
tion also our volumetric data was obtained from 3D data sets
of the whole lung and not from representative thin section
slabs. This is in agreement with Boedeker et al. [13] who sug-
gested that as CT technology advances and provides newer
ways of acquiring and processing CT data, the vast amount
of technical variability in quantitative analysis must be ad-
dressed. Numerical benchmarks set over a decade ago may
need to be reestablished [13].
In our study we performed analysis using an automated
protocol and performed manual tracing technique for mea-
surement of volume of the emphysema, the results in both
examinations were nearly identical with the difference between
both measurements not exceeding 5 CC in any case.
The limitation of our study is mainly that the number of as-
sessed patients was 14 patients which did not allow us to strat-
ify the data into groups according to severity of lung function
results.
From this study we can conclude that MDCT can easily as-
sess the volume of emphysematous lung with positive correla-
tion to lung function testing. Threshold value of 900 HU ismore sensitive in assessment than 950 HU. This is important
in determining the extent and distribution of affected parts of
the lungs in patients with emphysema particularly for selection
of patients suitable for the lung volume reduction surgery.
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